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In our previous articla (i;. ve proved that there is in general no connec-
tion between electric comiuctivity and, consequently, between ion concentration
of the catalyst and csislyat act:vity, This idea repudiates the theory of the
protonic-ionic w:chanism under persticipation of a carbonium ion in alkylation
and polymerization reacticns. %

In this report, the investigation of catalysts was contintued, and the
change of electris conductivity of ~atalysts in the alkylation process was
studied.

Table 1 prasenis the suthors' determinations of electric conductivity values
at various temperatwres oi a uumber of new fluorine catalysts and acids fre-
quently used in alkylation resctione ard studied in our reports (2,3) and th\?se
of other authors (k). The nlectric conductivity wie determined by the customary
method, as describved in {i).

The data of Table 1 shows thmt after saturation of the acids with boron
fluoride, their electris conductivity decreases, vhile, at the same time, their
catalytic activity inecreases. Thus, orthophosphoric acil will not cause alkyla-
tion of isoparaffins by olefins, while tbe molecular ccmpound of erthophos-
phoric acid with boron fluoride H3POL -BF3 1s an active catalyst for the alkyla-
tion of isobutane by ethylene, propene, and butene (2).

At the same time, the electric conductivity of the molecular compound is
almost ten times lower than that of crthophosphoric acid.
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Sulfuric acid apparently does nct form a molecuiar compound with boron
fluoride, but a saturated solution of &F3 in cencentrs’ed (9%-100%) ip50), is a i
more active catalyst that the initial HpS04. Thus, sulfuris acid does not cause
the alkylation of benzene by ethylene, while a boron fluoride solution in sule
furic acid will assist the reaction.

It vas interesiing to clear up how the specific electric conductivity of
the catalyste changes in the process of the alkylation reaction in relation to
the loss of activity by the catalyst,

For this purpose, the electric conductivity and the other properties of the
catalysta HSPOM-BF3 and HoS0y, in the alkylation of benzene and isopentane by
olefins were neasured. Benzene with 80 - 81° C bp and dgg = 0.881 sp gr was used.
The propene was obtained by dehydrogenation of isopropyl alcohol (532-83° ¢ bp) “
and contained 99% unsaturated compounds. The catalyst had the composition
./ B3P0y BF; with of a2h° = 1.90 sp gr.

A number of successive experiments was carried out. After each experiment -
the electrical conductivity was determined. In each experiment, 200 ml of ben-
zene, 30.5 liters of propene (moler ratio CiHg : Cgllg = 1 @ 1.75), and 25 ml of
catalyst were used. The propene was admittéd under energetic stirring at a rate
of 1-1.5 liters/hr. After each experiment, the electric conductivity of the
catalyst was determined at 25° C; the alkylate was distilled in a rectification
column to yield the following fractioms: the -0-120° ¢ fraction, containing
mostly the benzene which had not entered into the reation; the 120-170° ¢ frac-
tion, called the alkylate (containing isopreopyl benzene); and a residue boiling
ahove 170° C.

In most of the experiments, the alkylate (1.e., the fraction with a
plus~120° C bp) contained 75-80% of isopropyl bea:ene which distilled over in
the range of 145-155° ¢ and had d9° = 0.2630 sp gr.

The experiments with the same batch of catalyst (25 ml) lasted 40 du. In
b//the course of this period, 153 liters of propene Wwere admitted and 63§1of alky-
late vere obtained. s

In the process of the reaction, the activity of the acid catalyst decreases
due to the formation of acidic esters from propene and the acid and due to the
saturation of the catalyst by resins. In this pro~ess, the catalyst concentra-
tion is lowered, which is indicated by & drop in the speciflic gravity and a
perallel drop in electric conductivity. At the moment at which the catelyst
loses activity, which can be Judged by the yield of alkylate, its specific
gravity and electric conductivity drop sharply. Figure 1 gives a graphic rep-
resentation of this dependence.

Analogous experiments on the investigation of electric conductivity were
carried out with 98.5% HoS0), as catalyst in the alkylation of isopentane by iso-
butene. A guantity of 5 liters of isobutene (obtained by the dehydrogenation of
isobutyl alcohol) was passed at 10° ¢ and at a rate of 1-1.5 liters/hr through
50 ml isopentane (27.3° ¢ bp) which were mixed energetically with 30 ml of sul-
furic acid. Ten consecutive experiments were cawried out with the same 30-ml
batch of catalyst, and 50 liters of isobutene were admitted. As a result,

236 ml of alkylate were obtained. After distilling off the isopentane in a
rectification column up to 30° ¢, alkylate with a 30-170° C bp range and a resi-
due boiling above 170° C were collected.

Table 3 shows the results of the experiments.
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\/ . In these experiments, too ; the specific gravity, electric conductivity and }% ’
sulfuric acid were lowered due to the formation of acidic wolunetrically de-
Mnmwmw esters by the sulfuric acid,
parallel to lowering of the catalyst activity, which could be estimated from the
7ield of the alkylate.

After the fourth experiment ) when the concentration of the H5S0), had dropped

below 85% the yield dropped sharply and polymerization was chiefly found to
occur. This could be seen from the increase of the heavy residue with a plus-
170° C bp which wes rich in polymers. In this stage of isobutene polymerization,
the electric conductivity of the catalyst was also lowered.

We demonstrated in this manner that the specific electric conductivity of
a specific catalyst can serve as a convenient characteristic of the activity of
this catalyst, because in proportion to the lowering of the activity in the re-
action process, the catalyst is diluted by such substances as acidic esters and
resins vwhich have lower electric conductivity. Lowering of the concentration
of the electrolyte by enhydrous solvents lovers the clectric conductivity.

This does not contradict our general conclusion (1) that the electric con-
ductivity teken for different catalysts (e.g., H,80, and H3Poh -BFB) cannot serve

a8 a characteristic of their rela’ ive activity, as there is no over-all paral-
leliem between these two factors.
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/Appended tables and figure follow.7

Table 1. Specific Electric Conductivity of a Number of Acid Catalysts

-1 -1
Specific Conductivity, ohm cm

Besoh( 100.1%) agsou( 100 .1% )4BF 3 HBPOh *BF 3 HBPOh
- -- 1.003207 .-
0.022005 1.017147 0.004357 -
0.029177 0.020119 0.004692 -
- ©.025290 0.005209 -
0.033685 0.027058 0.005834 -
0.043595 0.035694 0.007227 0.0510
0.049742 0.041639 0.008148 --
- 3 -
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Table

Yield of
Alkylate Consumption
No of In % Re- of Catalyst 20
Experi-  ferred to in % Referred a, gL
ments Propene to Alkylate Catalyst
j (op> 126° ¢) .
0 - - 1.900
1 186 u6.2 1.823
2 220 21.h 1.816
3 236 13.9 1.812
I 269 9.9 1.625
9 130 8.5 1.333
't
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2. Change of the Properties of H,PO) ‘Bl Catalyst
in Alkylation of Benzene With Propene

]

Specific Electric
Condnetivity of
Cat. yst in obm~Lem-1

Vo! of alkylate
Vol cf catalyst

0.0071
0.00647
0.60627
0.00618
0.00535
0.00058 -

Figure 1. Dependence of Alkylate Yield on
Electrical Conductivity of Catalyst
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Table 3. Change of the Properties of Hp50), Catelyst
in Alkylation of Isopentane With Isobutene

Yield of Consumption of
Alkylate 20 Catalyst in %
ia % Referred aq’ of Referred to
to Isobutene Alkylate Alkylate
{30-170 ¢} {Above 170 C)

-- -- - s}

183 23 0.708 209.5

162 58 0.710 85.0

62.6 82 0.729 83.7

20 105 0.746 53.2

12.5 Lo 0.760 51

o CrmEe

Catalyst in
1.8420 98.3
1.7660 $0.0
1.7342 86.9
1.69u3 83.7
1.5259 62.6
1.4190 60.6

Specific
Electrical
Conductivity

t C yst
o atﬁyu 1

0.1150
0.1000
0.0930
0.0674
0.0341

0.0233

STAT




